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Use of analgesics is common and is associated with increased risk of hearing loss in men; however, the

relation has not been examined prospectively in women. The authors prospectively examined the relation

between frequency of aspirin, ibuprofen, and acetaminophen use and risk of hearing loss among 62,261 women

aged 31–48 years at baseline (1995) in Nurses’ Health Study II. The outcome was self-reported hearing loss

(n = 10,012), and the follow-up period was 1995–2009. Cox proportional hazards regression was used to adjust

for potential confounders. During 764,247 person-years of follow-up, ibuprofen use and acetaminophen use

were independently associated with increased risk of hearing loss, but aspirin use was not. For ibuprofen, the

multivariate-adjusted relative risk of hearing loss was 1.13 (95% confidence interval (CI): 1.06, 1.19) for use 2–3

days/week, 1.21 (95% CI: 1.11, 1.32) for use 4–5 days/week, and 1.24 (95% CI: 1.14, 1.35) for use ≥6 days/

week (P-trend < 0.0001), compared with use less than once per week. For acetaminophen, the corresponding

relative risks were 1.11 (95% CI: 1.02, 1.19), 1.21 (95% CI: 1.07, 1.37), and 1.08 (95% CI: 0.95, 1.22), respec-

tively (P-trend = 0.0007). In this study, use of ibuprofen or acetaminophen (but not aspirin) 2 or more days per

week was associated with an increased risk of hearing loss in women.

acetaminophen; analgesics; anti-inflammatory agents, non-steroidal; aspirin; hearing loss; ibuprofen

Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHS II, Nurses’ Health Study II; NSAID, non-

steroidal antiinflammatory drug.

Hearing loss is a common and disabling chronic condi-
tion. According to recent data from the National Health and
Nutrition Examination Survey (NHANES), over 50% of
US adults suffer from high-frequency hearing loss by age
60 years (1). Although the prevalence is higher in men,
one-third of women in their 50s and almost two-thirds of
women in their 60s suffer from hearing loss (1). Even mild
hearing loss impairs communication and social interaction,
adversely affecting work productivity, social connectivity,
and quality of life (2, 3). The World Health Organization
ranks adult-onset hearing loss as the sixth most common
disease burden in high-income countries (4). Hearing loss
represents an important public health concern, yet there are
limited data on potentially modifiable risk factors for adult
hearing loss.
Ibuprofen, acetaminophen, and aspirin are the 3 most

commonly used medications in the United States (5). In

NHANES III (1988–1994), more than 80% of women aged
25 years or older reported having used nonprescription an-
algesic agents within the past month (6). Potential ototoxi-
city (damage to the cochlea or auditory nerve) due to high
doses of salicylates and nonsteroidal antiinflammatory
drugs (NSAIDs) has been previously described (7–11) and
may result from several mechanisms, such as impaired
outer hair cell function, inhibition of prostaglandin-forming
cyclooxygenase, and reduced cochlear blood flow. Potential
ototoxicity from acetaminophen may be due to the deple-
tion of glutathione (12), which has been shown to protect
the cochlea from noise-induced damage (13, 14). Previ-
ously, we found that regular use (≥2 times/week) of NSAIDs,
acetaminophen, or aspirin was associated with an increased
risk of hearing loss in men (15).
To our knowledge, the relation between regular analgesic

use and hearing loss in women has not been prospectively
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examined. Given that use of analgesics by women is so
common, we prospectively analyzed the association
between analgesic use and the risk of hearing loss in
62,261 women.

MATERIALS AND METHODS

Study participants

Nurses’ Health Study II (NHS II) originally enrolled
116,430 female registered nurses aged 25–42 years from 15
US states who answered a mailed questionnaire in 1989,
and were thus aged 31–48 years at the 1995 baseline used
for this study. Questionnaires are administered every other
year, and the average follow-up rate over 22 years has ex-
ceeded 90%. We inquired about race and ethnicity and
found that 2% of respondents were African-American, 2%
were Hispanic, and 2% were Asian-American. The 2009
main questionnaire asked women whether they had a
hearing problem and at what age a change in hearing was
first noticed (see details below). Of the 77,956 women who
returned the long-form questionnaire, 23.8% reported
having a hearing problem. Those who reported that the
hearing problem began before 1995 or who had a history of
cancer other than nonmelanoma skin cancer (due to possi-
ble exposure to ototoxic chemotherapeutic agents) were ex-
cluded from the analysis. Because high doses of aspirin
and NSAIDs have been associated with tinnitus (16–19), a
strong risk factor for hearing loss (20–22), we also exclud-
ed women who reported tinnitus that occurred on 2 or more
days per week. The number of women included in the anal-
ysis was 62,261.

Ascertainment of analgesic use

On the 1995 questionnaire and every 2 years thereafter,
women were asked about their average frequency of use of
NSAIDs, acetaminophen, and aspirin. In 1995, women
were asked to report the number of days each month on
which they used the individual analgesics. In 1997, women
were asked about the average number of days per week of
use (never, once/week, 2–3 times/week, 4–5 times/week, or
≥6 times/week) of aspirin, NSAIDs (e.g., ibuprofen, Advil
(Pfizer Inc., Kings Mountain, North Carolina), Midol
(Bayer HealthCare LLC, Leverkusen, Germany), Aleve
(Bayer HealthCare)), and acetaminophen (e.g., Tylenol
(McNeil Consumer Healthcare, Fort Washington, Pennsyl-
vania)), and these were the categories used in the analysis.
In 1999 and thereafter, women were asked specifically
about average use of ibuprofen (e.g., Advil, Motrin
(McNeil Consumer Healthcare), Nuprin (McNeil Consumer
Healthcare)) and regular use (≥2 times/week) of other
NSAIDs (e.g., Aleve, Naprosyn (Roche Pharmaceuticals,
Basel, Switzerland), Relafen (GlaxoSmithKline, London,
United Kingdom), ketoprofen, Anaprox (Roche Pharma-
ceuticals)). Our main analyses examined frequency of use
of ibuprofen, acetaminophen, and aspirin. We considered
NSAID use reported in 1995 and 1997 to be ibuprofen use.
In secondary analyses, we examined regular use (≥2 times/
week) of ibuprofen and of other antiinflammatory

analgesics separately. If information on analgesic intake
was missing for a 2-year time period, person-time for that
participant was not included for that time period. Analgesic
use assessed in this manner has been shown to be associat-
ed with a number of important outcomes, such as hyperten-
sion (23, 24), renal cell carcinoma (25), Parkinson’s
disease (26), survival after breast cancer (27), and colon
cancer (28).

Ascertainment of outcome

The primary outcome, self-reported hearing loss, was de-
termined on the basis of responses to the 2009 long-form
questionnaire. The question asked, “Do you have a hearing
problem?” (response categories were no, mild, moderate, or
severe) and “If so, at what age did you first notice a change
in your hearing?”.

We defined incident cases as a reported hearing problem
first noticed after 1995. The follow-up period was 1995–
2009. We excluded women who reported having tinnitus,
so we considered the remaining cases of self-reported
hearing problems to be hearing loss. Although standard
pure-tone audiometry is considered the gold standard for
evaluation of hearing loss, due to the cost and logistic limi-
tations of audiometric screening of large populations, ques-
tionnaires have been used. Self-reported hearing loss has
been found to be a reasonably reliable measure of hearing
loss (1, 29–32).

Ascertainment of covariates

We selected covariates purported to be risk factors for
hearing loss. Covariates considered in the multivariate anal-
ysis included: age (1); race (1); body mass index (weight
(kg)/height (m)2) (33); alcohol consumption (34); intakes
of folate (35), vitamin B12 (36), potassium (37), magne-
sium (38), and vitamin A (39); physical activity (40);
smoking (34); hypertension (41); diabetes (42); and meno-
pausal status (43).

Covariate information was obtained from the biennial
questionnaires. In 2005, participants were asked whether
they described themselves as Spanish, Hispanic, or Latina
and also whether they described themselves as white,
black/African-American, Asian, Native American/Alaska
Native, Native Hawaiian/Pacific Islander, or other. Intakes
of alcohol, folate, vitamin B12, potassium, magnesium, and
vitamin A were calculated from semiquantitative food fre-
quency questionnaires that were mailed to participants
every 4 years. Information on tinnitus was obtained from
the 2009 main questionnaire, which included a question
about tinnitus and its frequency and age of onset. We ex-
cluded women who reported having tinnitus that occurred
before the onset of hearing loss on 2 or more days per
week.

Questionnaire-derived information for this cohort or
similar cohorts has been validated for many of the covari-
ates by comparison with directly measured values and de-
tailed diaries, with correlations of 0.97 for weight (44),
0.90 for alcohol consumption (45), and 0.79 for physical
activity (46). The reproducibility and validity of the food
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frequency questionnaire has been documented previously
(47, 48).

Statistical analysis

All analyses were prospective, using information on an-
algesic use that was collected before the report of onset
of hearing loss. Frequency of use of each analgesic was cat-
egorized as <1 day/week, 1–2 days/week, 3–4 days/week,
5–6 days/week, or ≥6 days/week. For each participant,
person-time was allocated on the basis of the updated re-
sponse to the analgesic questions at the beginning of each
follow-up period. Participants were censored at the date of
reported hearing loss, cancer, or death, whichever came
first. Age- and multivariate-adjusted relative risks were
calculated using Cox proportional hazards regression
models, which were adjusted simultaneously for use of the
other types of analgesics. To examine whether the associa-
tion between analgesic use and hearing loss varied by age,
we performed analyses stratified by age group (<50 years
vs. ≥50 years). We considered all covariates that might be
potential confounders and removed from the model any
that were found not to be statistically significant, except for
diabetes mellitus (P = 0.29) and folate intake (P = 0.07 for
the highest quintile of intake). Although these variables
were not significant, we chose to be conservative and to
retain these 2 covariates because of recent reports of a
cross-sectional association between diabetes and hearing
loss and because of the borderline significance of folate
intake.
For all relative risks, we calculated 95% confidence in-

tervals. All P values are 2-tailed. Statistical tests were per-
formed using SAS software, version 9.2 (SAS Institute
Inc., Cary, North Carolina).

RESULTS

Tables 1–3 show the characteristics of participants at
baseline according to frequency of analgesic use. Of the
93% of women who described themselves as white, 0.7%
reported that they were of Hispanic ethnicity. The most fre-
quent users of aspirin were slightly older, had a higher
body mass index, were more likely to be past or current
smokers, and were more likely to have hypertension and
diabetes. Similarly, the most frequent users of ibuprofen
were slightly older, had a higher body mass index, were
more likely to be past or current smokers, and were more
likely have hypertension and diabetes. The most frequent
users of acetaminophen had a higher body mass index,
were less physically active, and were more likely to smoke,
to have hypertension, and to have diabetes.
During 764,247 person-years of follow-up, 10,012 cases

of hearing loss were reported. Both ibuprofen use and acet-
aminophen use were independently associated with an in-
creased risk of hearing loss, but aspirin use was not
(Table 4). Compared with women who used ibuprofen less
than once per week, the multivariate relative risk of hearing
loss increased with increasing frequency of ibuprofen use.
The multivariate relative risk of hearing loss for women
who used acetaminophen also increased with increasing

frequency of use, compared with women who used acet-
aminophen less than once per week.
The magnitudes of association between ibuprofen and

acetaminophen use and hearing loss tended to be greater in
women younger than age 50 years; however, the P value
for interaction was significant only for the ibuprofen cat-
egory of ≥6 days/week (Table 5). There was no association
between aspirin use and the risk of hearing loss in either
age group.
We performed a subanalysis using 2001 as the baseline,

when detailed information on low-dose aspirin versus
regular-dose aspirin was first elicited, and it included low-
dose aspirin and regular-dose aspirin separately in the full
multivariate model. There was no association between the
use of low-dose or regular-dose aspirin and the risk of
hearing loss.
Regular use (defined as ≥2 days/week) of other NSAIDs

(e.g., naproxen, ketoprofen) was not significantly associated
with an increased risk of hearing loss. As compared with
women who used these analgesics less than twice per
week, the multivariate relative risk of hearing loss for use
≥2 times/week was 1.05 (95% confidence interval: 0.98,
1.13). In contrast, the relation between regular use of ibu-
profen and an increased risk of hearing loss was highly sig-
nificant (relative risk = 1.16, 95% confidence interval: 1.11,
1.22).
The association between hearing loss and regular use of

more than 1 class of analgesics did not appear to be greater
than the sum for use of each individual analgesic (Table 6).

DISCUSSION

The use of ibuprofen and the use of acetaminophen were
independently associated with an increased risk of hearing
loss in women. The magnitude of the risk related to ibupro-
fen and acetaminophen use tended to increase with increas-
ing frequency of use. There was no relation observed
between aspirin use and the risk of hearing loss.
Use of aspirin, ibuprofen, and acetaminophen is com-

monplace (5). In NHS II, ibuprofen and acetaminophen
were used more frequently than aspirin. At baseline, ap-
proximately 69% of the women used NSAIDs, 62% used
acetaminophen, and 30% used aspirin at least once per
week. Of these women, 4.9% used NSAIDs ≥6 days/week,
which is consistent with 1999–2000 NHANES data
showing that 4% of US women used NSAIDs every day
for as long as a month (49).
The current findings for ibuprofen, the most commonly

used NSAID, and acetaminophen are consistent with our
previous findings that regular use of NSAIDs and regular
use of acetaminophen (≥2 times/week) were associated
with an increased risk of hearing loss in men (15), but the
findings for aspirin differ. In the male cohort, which was
followed in a manner similar to the NHS II cohort, the
outcome examined was self-reported professionally diag-
nosed hearing loss. Compared with men who used aspirin
less 2 times per week, regular users of aspirin were 12%
more likely to have hearing loss. In men, the magnitudes of
the associations with all 3 types of analgesics were greater
in those younger than age 50 years: Regular users of
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Table 1. Age-Standardized Baseline Characteristics of Participants According to Frequency of Aspirin Use, Nurses’ Health Study II, 1995a

Frequency of Aspirin Use, days/week

<1 (n = 32,780) 1 (n = 9,333) 2–3 (n = 2,595) 4–5 (n = 720) ≥6 (n = 1,616)

Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age, yearsb 39.8 (4.7) 40.8 (4.4) 41.6 (4.3) 42.0 (4.2) 42.8 (4.0)

Body mass indexc 25.5 (5.8) 25.4 (5.7) 25.9 (6.1) 26.5 (6.5) 26.8 (6.8)

Physical activityd in 1997,
METs

18.4 (22.3) 19.4 (23.4) 18.7 (21.5) 16.9 (19.2) 19.6 (23.6)

Smoking status

Never smoker 68.5 64.8 63.1 61.4 62.5

Past smoker 22.6 24.6 25.6 25.6 23.7

Current smoker,
cigarettes/day

1–4 1.7 2.3 2.2 1.7 1.8

5–14 2.7 3.3 3.1 4.4 4.3

≥15 4.4 4.9 5.9 7.0 7.6

Alcohol consumption, g/day 3.2 (6.1) 4.4 (7.6) 4.8 (8.2) 4.3 (7.2) 3.7 (7.9)

Daily nutrient intake

Vitamin B12, µg 9.9 (14.4) 10.0 (13.5) 9.8 (11.5) 12.3 (22.5) 11.5 (14.5)

Folate, µg 463.0 (284.4) 447.0 (250.4) 448.0 (243.3) 484.9 (264.9) 529.3 (312.2)

Potassium, mg 3,113.3 (640.1) 3,125.5 (625.9) 3,110.1 (635.5) 3,085.3 (669.4) 3,188.4 (715.2)

Magnesium, mg 332.5 (87.3) 335.4 (83.0) 332.8 (77.5) 334.7 (91.9) 347.1 (105.4)

Vitamin A, IU 14,327 (10,037) 14,306 (9,682) 14,313 (9,796) 15,557 (12,177) 16,345 (11,661)

History of hypertension 8.4 8.5 11.0 12.0 18.8

History of diabetes 1.1 1.0 0.6 2.8 4.0

Non-Hispanic white race 92.9 94.3 95.3 93.6 94.9

Abbreviations: METs, metabolic equivalents; SD, standard deviation.
a Data were standardized to the age distribution of the study population.
b Values were not age-adjusted.
c Weight (kg)/height (m)2.
d Recreational and leisure-time activity.
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Table 2. Age-Standardized Baseline Characteristics of Participants According to Frequency of Ibuprofen Use, Nurses’ Health Study II, 1995a

Frequency of Ibuprofen Use, days/week

<1 (n = 17,867) 1 (n = 24,957) 2–3 (n = 10,324) 4–5 (n = 2,045) ≥6 (n = 2,861)

Mean (SD) %b Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age, yearsc 40.1 (4.7) 39.9 (4.6) 40.5 (4.5) 41.1 (4.5) 42.0 (4.2)

Body mass indexd 25.1 (5.6) 25.2 (5.5) 26.2 (6.0) 27.5 (6.7) 28.5 (7.4)

Physical activitye in 1997,
METs

18.9 (23.2) 18.8 (22.0) 18.6 (22.6) 18.5 (23.5) 16.2 (20.3)

Smoking status

Never smoker 69.0 66.6 65.2 63.7 62.7

Past smoker 21.9 23.9 24.2 24.5 26.0

Current smoker,
cigarettes/day

1–4 1.6 2.0 2.1 1.4 1.9

5–14 2.8 3.0 3.1 3.2 3.0

≥15 4.5 4.4 5.3 7.0 6.4

Alcohol consumption, g/day 3.1 (6.3) 3.7 (6.6) 3.8 (6.8) 4.0 (7.5) 3.5 (7.1)

Daily nutrient intake

Vitamin B12, µg 10.1 (16.4) 9.9 (13.1) 10.0 (17.7) 10.1 (12.5) 10.6 (13.2)

Folate, µg 475.5 (306.8) 455.0 (265.5) 443.5 (245.2) 442.3 (248.2) 476.2 (272.2)

Potassium, mg 3,110.9 (639.8) 3,133.1 (628.7) 3,112.6 (633.2) 3,103.9 (671.6) 3,093.4 (699.0)

Magnesium, mg 332.0 (86.8) 334.1 (86.4) 332.5 (83.3) 333.2 (85.4) 335.7 (95.3)

Vitamin A, IU 14,470 (10,324) 14,484 (10,149) 14,222 (9,539) 14,406 (10,100) 14,697 (10,327)

History of hypertension 8.2 7.7 10.3 13.1 16.6

History of diabetes 1.2 1.0 1.2 1.3 2.6

Non-Hispanic white race 91.5 94.1 94.9 94.2 94.5

Abbreviations: METs, metabolic equivalents; SD, standard deviation.
a Data were standardized to the age distribution of the study population.
b Percentages for smoking may not add up to 100% because of missing information.
c Values were not age-adjusted.
d Weight (kg)/height (m)2.
e Recreational and leisure-time activity.
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Table 3. Age-Standardized Baseline Characteristics of Participants According to Frequency of Acetaminophen Use, Nurses’ Health Study II, 1995a

Frequency of Acetaminophen Use, days/week

<1 (n = 20,518) 1 (n = 25,429) 2–3 (n = 6,145) 4–5 (n = 1,133) ≥6 (n = 969)

Mean (SD) %b Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) %

Age, yearsc 40.6 (4.6) 39.6 (4.7) 40.0 (4.6) 40.7 (4.7) 41.9 (4.3)

Body mass indexd 25.3 (5.7) 25.5 (5.6) 26.3 (6.1) 27.5 (6.8) 27.5 (7.4)

Physical activitye in 1997,
METs

19.6 (23.7) 18.0 (21.6) 17.1 (20.7) 15.6 (18.7) 15.8 (19.4)

Smoking status

Never smoker 66.7 68.6 66.3 64.0 60.9

Past smoker 23.5 22.4 23.7 24.8 23.8

Current smoker,
cigarettes/day

1–4 1.9 1.7 1.7 2.6 1.0

5–14 2.9 2.8 3.1 3.3 4.2

≥15 4.8 4.2 5.1 5.2 9.7

Alcohol consumption, g/day 3.8 (6.9) 3.3 (6.3) 3.2 (6.0) 3.0 (6.4) 3.7 (8.9)

Daily nutrient intake

Vitamin B12, µg 10.3 (17.1) 9.7 (12.1) 9.9 (11.9) 11.3 (38.7) 10.4 (13.4)

Folate, µg 472.0 (289.6) 452.9 (268.4) 450.4 (264.5) 445.5 (258.8) 458.6 (275.0)

Potassium, mg 3,155.3 (655.7) 3,103.9 (620.7) 3,059.1 (625.3) 3,036.6 (619.3) 3,016.1 (741.6)

Magnesium, mg 340.2 (90.0) 329.0 (82.9) 326.3 (84.1) 322.1 (76.5) 324.8 (107.0)

Vitamin A, IU 15,083 (10,914) 14,010 (9,387) 13,621 (9,052) 13,816 (9,044) 13,447 (9,275)

History of hypertension 8.0 8.4 11.4 14.2 17.5

History of diabetes 1.2 1.1 1.2 2.2 2.4

Non-Hispanic white race 92.8 93.6 93.3 94.8 93.1

Abbreviations: METs, metabolic equivalents; SD, standard deviation.
a Data were standardized to the age distribution of the study population.
b Percentages for smoking may not add up to 100% because of missing information.
c Values were not age-adjusted.
d Weight (kg)/height (m)2.
e Recreational and leisure-time activity.
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aspirin were 33% more likely, regular users of NSAIDs
were 61% more likely, and regular users of acetaminophen
were 99% more likely to have hearing loss than nonregular
users of the same age (15).
Although ototoxicity due to high-dose salicylates has

been well demonstrated (7), the mechanisms are not fully
understood. A reduction in auditory sensitivity has been as-
sociated with compromised blood supply to the cochlea
(50), and salicylates induce vascular changes and decreased
cochlear blood flow, possibly mediated through the inhibi-
tion of prostaglandin synthesis. Salicylates also impair
outer hair cell electromotility by binding to the motor
protein prestin, and they may induce biochemical and elec-
trophysiologic changes in outer hair cells that alter mem-
brane conductance, permeability, and possibly afferent
cochlear nerve function (9, 11, 51, 52). We cannot explain
why we observed a positive association between aspirin use
and risk of hearing loss in men but no relation in women.
In men, the definition of the outcome was self-reported pro-
fessionally diagnosed hearing loss, whereas in women the
outcome was a self-reported hearing problem. It is unclear
whether differences in the findings are due to differences in
the outcome assessment or whether there exists a difference

between men and women for the relation between aspirin
use and hearing loss.
We considered the possibility that extensive use of

aspirin in the low-dose form might explain the lack of asso-
ciation between aspirin use and risk of hearing loss. In
2001, when information on low-dose versus regular-dose
aspirin was first elicited, only 7% of women reported using
low-dose aspirin; however, frequency of use increased as
the participants aged. Nevertheless, when we included both
low-dose aspirin and regular-dose aspirin separately in the
full multivariate model, there was no association between
frequency of use of low-dose or regular-dose aspirin and
the risk of hearing loss.
Ototoxicity due to high doses of NSAIDs has been sug-

gested in animal studies and human case reports (53).
NSAIDs may reduce cochlear blood flow because of inhibi-
tion of cyclooxygenase and decreased prostaglandin activi-
ty (7). To our knowledge, there are no other published
prospective studies of the relation between ibuprofen use
and hearing loss in women.
Acetaminophen may deplete levels of endothelial thiols,

such as endogenous cochlear glutathione (12), which is
present in the cochlea in substantial amounts and may

Table 4. Age- and Multivariate-Adjusteda Relative Risks of Incident Hearing Loss According to Use of Analgesics, Nurses’ Health Study II,

1995–2009b

Analgesic and
Frequency of Use

No. of Cases
(n = 10,012)

Person-Years of Follow-up
(n = 764,247)

Age-Adjusted
RR

95% CI
Multivariate-
Adjusted RR

95% CI

Aspirin, days/week

<1 7,371 575,819 1.00 1.00

1 370 40,551 0.85 0.77, 0.95 0.97 0.87, 1.08

2–3 419 28,345 1.03 0.93, 1.13 1.07 0.97, 1.18

4–5 275 16,638 0.99 0.88, 1.12 0.98 0.87, 1.11

≥6 1,349 67,927 1.03 0.97, 1.09 1.00 0.94, 1.07

P-trend 0.50 0.64

Ibuprofen, days/week

<1 5,595 423,739 1.00 1.00

1 1,483 141,202 1.04 0.98, 1.10 1.01 0.95, 1.08

2–3 1,560 109,995 1.20 1.13, 1.27 1.13 1.06, 1.19

4–5 550 33,327 1.28 1.17, 1.40 1.21 1.11, 1.32

≥6 605 34,413 1.26 1.16, 1.37 1.24 1.14, 1.35

P-trend <0.0001 <0.0001

Acetaminophen, days/
week

<1 7,344 537,682 1.00 1.00

1 1,125 116,553 1.00 0.94, 1.07 1.01 0.94, 1.07

2–3 777 55,101 1.17 1.08, 1.26 1.11 1.02, 1.19

4–5 265 14,751 1.29 1.14, 1.46 1.21 1.07, 1.37

≥6 269 14,425 1.14 1.01, 1.28 1.08 0.95, 1.22

P-trend 0.06 0.0007

Abbreviations: CI, confidence interval; RR, relative risk.
a Adjusted for age; race; body mass index; alcohol consumption; physical activity; intakes of folate, vitamin B12, magnesium, potassium, and

vitamin A; smoking status; hypertension; diabetes; and use of the other analgesics.
b Numbers of cases and person-years may not add up to totals because of missing data.
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protect the cochlea from noise-induced damage (13, 14).
We found an increased risk of hearing loss associated with
acetaminophen use that was statistically significant for the
categories 2–3 days/week and 4–5 days/week; however, it

is unclear why no relation was observed for women who
used acetaminophen ≥6 days/week. Although there was a
suggestion that the magnitude of the association was
greater in women younger than age 50 years, the P value
for interaction was not statistically significant.

The prevalence of hearing loss in women increases with
age (1, 54). Data from the 1999–2004 NHANES showed
that for non-Hispanic white women, the prevalence of bilat-
eral hearing loss (average threshold at 0.5 kHz, 1 kHz,
2 kHz, and 4 kHz ≥25 dB) increases from 4.4% among
women in their 40s to 20% among women in their 60s (1).
Similarly, the prevalence of high-frequency hearing loss
(average threshold at 3 kHz, 4 kHz, and 6 kHz ≥25 dB in
either ear) increases from 20% of women in their 40s to
65% of women in their 60s (1). The magnitude of the asso-
ciation between frequent ibuprofen or acetaminophen use
and hearing loss tended to be greater in women younger
than age 50 years. Of particular note, the relative risk of
hearing loss was 48% higher in younger women who used
ibuprofen ≥6 days/week, and the interaction with age was
highly significant. The cause of acquired hearing loss is
multifactorial. In a given individual, potential contributors
to hearing loss include processes associated with aging,
noise exposure, inherited genetic factors, and otologic and
systemic conditions. The relative contribution of some risk
factors, such as analgesic use, to hearing loss may be larger

Table 5. Multivariate Relative Riska of Incident Hearing Loss According to Use of Analgesic Agents and Age Group, Nurses’ Health Study II,

1995–2009

Analgesic and
Frequency of Use

Age Group, years

P for Interaction<50 ≥50

No. of Cases RR 95% CI No. of Cases RR 95% CI

Aspirin, days/week

<1 3,582 1.00 3,789 1.00

1 209 0.97 0.84, 1.13 161 0.97 0.83, 1.14 0.98

2–3 161 1.06 0.90, 1.24 258 1.08 0.95, 1.23 0.83

4–5 81 0.90 0.72, 1.12 194 1.03 0.89, 1.18 0.34

≥6 279 0.95 0.84, 1.08 1,070 1.02 0.95, 1.09 0.48

Ibuprofen, days/week

<1 2,302 1.00 3,293 1.00

1 824 1.02 0.94, 1.11 659 1.01 0.92, 1.10 0.87

2–3 752 1.11 1.01, 1.20 808 1.15 1.06, 1.24 0.50

4–5 252 1.25 1.10, 1.43 298 1.18 1.05, 1.33 0.51

≥6 259 1.48 1.29, 1.68 346 1.10 0.99, 1.23 0.0007

Acetaminophen, days/week

<1 3,145 1.00 4,199 1.00

1 648 1.00 0.91, 1.09 477 1.02 0.92, 1.12 0.76

2–3 380 1.13 1.01, 1.26 397 1.08 0.97, 1.19 0.48

4–5 115 1.35 1.12, 1.63 150 1.12 0.95, 1.32 0.13

≥6 76 1.03 0.82, 1.30 193 1.09 0.94, 1.26 0.74

Abbreviations: CI, confidence interval; RR, relative risk.
a Adjusted for age; race; body mass index; alcohol consumption; physical activity; intakes of alcohol, folate, vitamin B12, magnesium,

potassium, and vitamin A; smoking status; hypertension; diabetes; and use of the other analgesics.

Table 6. Multivariate Relative Riska of Incident Hearing Loss

According to Regular Use (≥2 Times/Week) of Individual and

Multiple Analgesic Agents, Nurses’ Health Study II, 1995–2009

Analgesic(s) Used
No. of
Cases

Relative
Risk

95%
Confidence
Interval

No regular use 5,315 1.00

Aspirin only 1,275 1.01 0.95, 1.08

Ibuprofen only 1,653 1.17 1.11, 1.24

Acetaminophen only 483 1.09 0.99, 1.19

Aspirin + ibuprofen 463 1.16 1.05, 1.27

Ibuprofen + acetaminophen 408 1.28 1.16, 1.42

Aspirin + acetaminophen 243 1.23 1.08, 1.40

All 3 analgesics 172 1.34 1.15, 1.56

a Adjusted for age; race; body mass index; alcohol consumption;

physical activity; intakes of folate, vitamin B12, magnesium,

potassium, and vitamin A; smoking status; hypertension; and

diabetes.

Analgesics and Hearing Loss in Women 551

Am J Epidemiol. 2012;176(6):544–554

 by guest on N
ovem

ber 24, 2015
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/


in younger persons, before the cumulative effects of aging,
noise, and other factors have substantially affected hearing.
Although regular use of ibuprofen was associated with

increased risk of hearing loss, we did not observe a relation
with regular use of other NSAIDs (e.g., naproxen, ketopro-
fen). Potentially, this could be due to differences in the
pharmacologic activity of the various 2-arylpropionic acid
derivatives (“profens”) or, since comparatively fewer
women used these other NSAIDs frequently, lack of power
to detect an association. In a subcohort of 4,024 NHS II
participants who completed a supplementary questionnaire
on analgesic use in 1998, among those women who used
any NSAIDs at least once per month, over 80% reported
using ibuprofen (our unpublished data). This important re-
lation deserves further study.
Our study had limitations. Assessment of hearing loss

was based on self-report. Although standard pure-tone au-
diometry is considered the gold standard for hearing loss
evaluation, self-reported hearing loss has been demonstrat-
ed to be reliable (29–31, 55, 56). Gomez et al. (29) exam-
ined the agreement between self-report and audiometry and
found that for bilateral midfrequency hearing loss, the sen-
sitivity of self-reporting was 77% and the specificity was
82%. Nondahl et al. (31) compared self-reporting with au-
diometry; the sensitivity of self-reporting was 71%, the spe-
cificity was 70%, and the prevalence of hearing loss based
on self-reporting was within 1.9% of that measured by au-
diometry. Using a slightly different audiometric definition
of hearing loss, Schow et al. (30, 56) found that the sensi-
tivity of self-reporting was 73% and the specificity was
84%. Moreover, a recent evidence review of the accuracy
of hearing-loss screening methods among older adults by
the US Preventive Services Task Force found that a single
question regarding perceived hearing loss was nearly as
accurate as a more detailed hearing loss questionnaire or
a handheld audiometric device for detecting hearing
loss (57).
We did not have information on lifetime noise exposure.

Excessive noise exposure is a risk factor for hearing loss,
and while the physiologic effects of noise on the ear may
be modified by salicylates (58), the relation between noise
exposure, NSAIDs, acetaminophen, and hearing loss has
not been examined. We also did not have information on
dose or indications for analgesic use in the entire cohort.
However, on the supplementary NHS II analgesic question-
naire, the most commonly reported reasons for aspirin use
were headache, cardiac disease prevention, muscle/joint
pain, backache, and menstrual cramps; for NSAID or acet-
aminophen use, the common indications were muscle/joint
pain, headache, menstrual cramps, and backache (our un-
published data). Although we did not have sufficient detail
about dose to examine this separately, the relation between
analgesic dose and hearing loss merits further research. We
were not able to examine the association between use of
narcotic analgesics and hearing loss.
The present study examined a population of predomi-

nantly non-Hispanic white women. Although the partici-
pants in the NHS II cohort may not be representative of the
adult female population in the United States, follow-up
rates are high and the information provided is highly

reliable. Further studies are needed to examine these associ-
ations in other demographic groups. To better understand
possible differences between men and women regarding
the association between analgesic use and hearing loss,
further research that uses the same methods to examine
both sexes in a single data set would be informative.
In conclusion, this prospective study showed that use of

ibuprofen or acetaminophen 2 or more days per week is as-
sociated with an increased risk of hearing loss in women
and that the magnitude of the risk tends to be greater with
increasing frequency of use. There was no relation observed
between aspirin use and the risk of hearing loss. Given the
prevalence of hearing loss and the frequent use of analge-
sics, these findings could have important public health
implications, as they suggest a potentially modifiable con-
tributor to hearing loss.

ACKNOWLEDGMENTS

Author affiliations: Channing Laboratory, Department of
Medicine, Brigham and Women’s Hospital, Boston, Massa-
chusetts (Sharon G. Curhan, Josef Shargorodsky, Gary
C. Curhan); Massachusetts Eye and Ear Infirmary, Boston,
Massachusetts (Josef Shargorodsky); Vanderbilt Bill
Wilkerson Center for Otolaryngology and Communication
Sciences, School of Medicine, Vanderbilt University,
Nashville, Tennessee (Roland Eavey); Department of
Epidemiology, Harvard School of Public Health, Boston,
Massachusetts (Gary C. Curhan); Renal Division, Depart-
ment of Medicine, Brigham and Women’s Hospital,
Boston, Massachusetts (Gary C. Curhan); and Harvard
Medical School, Boston, Massachusetts (Sharon G.
Curhan, Gary C. Curhan).
This work was supported by grants DC010811 and

CA50385 from the National Institutes of Health and by
funds from Vanderbilt University School of Medicine.
The sponsors of this study had no role in study design,

data collection, data analysis, data interpretation, or the
writing of the report. The corresponding author had full
access to all of the data in the study and had final responsi-
bility for the decision to submit the results for publication.
Conflict of interest: none declared.

REFERENCES

1. Agrawal Y, Platz EA, Niparko JK. Prevalence of hearing loss
and differences by demographic characteristics among US
adults: data from the National Health and Nutrition
Examination Survey, 1999–2004. Arch Intern Med. 2008;
168(14):1522–1530.

2. Olusanya BO, Ruben RJ, Parving A. Reducing the burden of
communication disorders in the developing world: an
opportunity for the Millennium Development Project. JAMA.
2006;296(4):441–444.

3. Gates GA, Cobb JL, Linn RT, et al. Central auditory
dysfunction, cognitive dysfunction, and dementia in older

552 Curhan et al.

Am J Epidemiol. 2012;176(6):544–554

 by guest on N
ovem

ber 24, 2015
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/


people. Arch Otolaryngol Head Neck Surg. 1996;122(2):
161–167.

4. Lopez AD, Mathers CD, Ezzati M, et al. Global and regional
burden of disease and risk factors, 2001: systematic analysis of
population health data. Lancet. 2006;367(9524):1747–1757.

5. Kaufman DW, Kelly JP, Rosenberg L, et al. Recent patterns of
medication use in the ambulatory adult population of the
United States: the Slone survey. JAMA. 2002;287(3):337–344.

6. Paulose-Ram R, Hirsch R, Dillon C, et al. Prescription and
non-prescription analgesic use among the US adult
population: results from the Third National Health and
Nutrition Examination Survey (NHANES III).
Pharmacoepidemiol Drug Saf. 2003;12(4):315–326.

7. Jung TT, Rhee CK, Lee CS, et al. Ototoxicity of salicylate,
nonsteroidal antiinflammatory drugs, and quinine.
Otolaryngol Clin North Am. 1993;26(5):791–810.

8. McKinnon BJ, Lassen LF. Naproxen-associated sudden
sensorineural hearing loss. Mil Med. 1998;163(11):792–793.

9. Cazals Y. Auditory sensori-neural alterations induced by
salicylate. Prog Neurobiol. 2000;62(6):583–631.

10. Boettcher FA, Salvi RJ. Salicylate ototoxicity: review and
synthesis. Am J Otolaryngol. 1991;12(1):33–47.

11. Brien JA. Ototoxicity associated with salicylates: a brief
review. Drug Saf. 1993;9(2):143–148.

12. Moldèus P, Rahimtula A. Metabolism of paracetamol to a
glutathione conjugate catalyzed by prostaglandin synthetase.
Biochem Biophys Res Commun. 1980;96(1):469–475.

13. Yamasoba T, Harris C, Shoji F, et al. Influence of intense
sound exposure on glutathione synthesis in the cochlea. Brain
Res. 1998;804(1):72–78.

14. Yamasoba T, Nuttall AL, Harris C, et al. Role of glutathione
in protection against noise-induced hearing loss. Brain Res.
1998;784(1-2):82–90.

15. Curhan SG, Eavey R, Shargorodsky J, et al. Analgesic use
and the risk of hearing loss in men. Am J Med. 2010;123(3):
231–237.

16. Guitton MJ, Caston J, Ruel J, et al. Salicylate induces tinnitus
through activation of cochlear NMDA receptors. J Neurosci.
2003;23(9):3944–3952.

17. Nondahl DM, Cruickshanks KJ, Wiley TL, et al. The ten-year
incidence of tinnitus among older adults. Int J Audiol.
2010;49(8):580–585.

18. Peng BG, Chen S, Lin X. Aspirin selectively augmented
N-methyl-D-aspartate types of glutamate responses in cultured
spiral ganglion neurons of mice. Neurosci Lett. 2003;343(1):
21–24.

19. Risser A, Donovan D, Heintzman J, et al. NSAID prescribing
precautions. Am Fam Physician. 2009;80(12):1371–1378.

20. Henry JA, Dennis KC, Schechter MA. General review of
tinnitus: prevalence, mechanisms, effects, and management.
J Speech Lang Hear Res. 2005;48(5):1204–1235.

21. Nondahl DM, Cruickshanks KJ, Wiley TL, et al. Prevalence
and 5-year incidence of tinnitus among older adults: the
Epidemiology of Hearing Loss Study. J Am Acad Audiol.
2002;13(6):323–331.

22. Hasson D, Theorell T, Westerlund H, et al. Prevalence and
characteristics of hearing problems in a working and non-
working Swedish population. J Epidemiol Community
Health. 2010;64(5):453–460.

23. Forman JP, Stampfer MJ, Curhan GC. Non-narcotic analgesic
dose and risk of incident hypertension in US women.
Hypertension. 2005;46(3):500–507.

24. Forman JP, Stampfer MJ, Curhan GC. Diet and lifestyle risk
factors associated with incident hypertension in women.
JAMA. 2009;302(4):401–411.

25. Cho E, Curhan G, Hankinson SE, et al. Prospective
evaluation of analgesic use and risk of renal cell cancer. Arch
Intern Med. 2011;171(16):1487–1493.

26. Gao X, Chen H, Schwarzschild MA, et al. Use of ibuprofen
and risk of Parkinson disease. Neurology. 2011;76(10):
863–869.

27. Holmes MD, Chen WY, Li L, et al. Aspirin intake and
survival after breast cancer. J Clin Oncol. 2010;28(9):
1467–1472.

28. Chan AT, Ogino S, Fuchs CS. Aspirin use and survival after
diagnosis of colorectal cancer. JAMA. 2009;302(6):649–658.

29. Gomez MI, Hwang SA, Sobotova L, et al. A comparison of
self-reported hearing loss and audiometry in a cohort of
New York farmers. J Speech Lang Hear Res. 2001;44(6):
1201–1208.

30. Schow RL, Smedley TC, Longhurst TM. Self-assessment and
impairment in adult/elderly hearing screening—recent data
and new perspectives. Ear Hear. 1990;11(5 suppl):17S–27S.

31. Nondahl DM, Cruickshanks KJ, Wiley TL, et al. Accuracy of
self-reported hearing loss. Audiology. 1998;37(5):295–301.

32. Curhan GC, Knight EL, Rosner B, et al. Lifetime nonnarcotic
analgesic use and decline in renal function in women. Arch
Intern Med. 2004;164(14):1519–1524.

33. Seidman MD. Effects of dietary restriction and antioxidants
on presbyacusis. Laryngoscope. 2000;110(5):727–738.

34. Itoh A, Nakashima T, Arao H, et al. Smoking and drinking
habits as risk factors for hearing loss in the elderly:
epidemiological study of subjects undergoing routine health
checks in Aichi, Japan. Public Health. 2001;115(3):192–196.

35. Durga J, Verhoef P, Anteunis LJ, et al. Effects of folic acid
supplementation on hearing in older adults: a randomized,
controlled trial. Ann Intern Med. 2007;146(1):1–9.

36. Houston DK, Johnson MA, Nozza RJ, et al. Age-related
hearing loss, vitamin B-12, and folate in elderly women. Am
J Clin Nutr. 1999;69(3):564–571.

37. Wangemann P. Supporting sensory transduction: cochlear
fluid homeostasis and the endocochlear potential. J Physiol.
2006;576(1):11–21.

38. Haupt H, Scheibe F, Mazurek B. Therapeutic efficacy of
magnesium in acoustic trauma in the guinea pig. ORL J
Otorhinolaryngol Relat Spec. 2003;65(3):134–139.

39. Le Prell CG, Hughes LF, Miller JM. Free radical scavengers
vitamins A, C, and E plus magnesium reduce noise trauma.
Free Radic Biol Med. 2007;42(9):1454–1463.

40. Li Y, Healy EW, Drane JW, et al. Comorbidity between and
risk factors for severe hearing and memory impairment in
older Americans. Prev Med. 2006;43(5):416–421.

41. Gates GA, Cobb JL, D’Agostino RB, et al. The relation of
hearing in the elderly to the presence of cardiovascular
disease and cardiovascular risk factors. Arch Otolaryngol
Head Neck Surg. 1993;119(2):156–161.

42. Bainbridge KE, Hoffman HJ, Cowie CC. Diabetes and
hearing impairment in the United States: audiometric
evidence from the National Health and Nutrition
Examination Survey, 1999 to 2004 Ann Intern Med. 2008;
149(1):1–10.

43. Hederstierna C, Hultcrantz M, Collins A, et al. Hearing in
women at menopause: prevalence of hearing loss, audiometric
configuration and relation to hormone replacement therapy.
Acta Otolaryngol. 2007;127(2):149–155.

44. Rimm EB, Stampfer MJ, Colditz GA, et al. Validity of self-
reported waist and hip circumferences in men and women.
Epidemiology. 1990;1(6):466–473.

45. Willett WC. Nutritional Epidemiology. 2nd ed. New York,
NY: Oxford University Press; 1998.

Analgesics and Hearing Loss in Women 553

Am J Epidemiol. 2012;176(6):544–554

 by guest on N
ovem

ber 24, 2015
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/


46. Wolf AM, Hunter DJ, Colditz GA, et al. Reproducibility and
validity of a self-administered physical activity questionnaire.
Int J Epidemiol. 1994;23(5):991–999.

47. Rimm EB, Giovannucci EL, Stampfer MJ, et al.
Reproducibility and validity of an expanded self-administered
semiquantitative food frequency questionnaire among male
health professionals. Am J Epidemiol. 1992;135(10):1114–1126.

48. Willett WC, Sampson L, Stampfer MJ, et al. Reproducibility
and validity of a semiquantitative food frequency
questionnaire. Am J Epidemiol. 1985;122(1):51–65.

49. Paulose-Ram R, Hirsch R, Dillon C, et al. Frequent monthly
use of selected non-prescription and prescription non-narcotic
analgesics among U.S. adults. Pharmacoepidemiol Drug Saf.
2005;14(4):257–266.

50. Seidman MD, Quirk WS, Shirwany NA. Mechanisms of
alterations in the microcirculation of the cochlea. Ann N Y
Acad Sci. 1999;884:226–232.

51. Santos-Sacchi J, Song L, Zheng J, et al. Control of
mammalian cochlear amplification by chloride anions.
J Neurosci. 2006;26(15):3992–3998.

52. Stypulkowski PH. Mechanisms of salicylate ototoxicity.
Hear Res. 1990;46(1-2):113–145.

53. McFadden D, Plattsmier HS, Pasanen EG. Temporary hearing
loss induced by combinations of intense sounds and
nonsteroidal anti-inflammatory drugs. Am J Otolaryngol.
1984;5(4):235–241.

54. Cruickshanks KJ, Wiley TL, Tweed TS, et al. Prevalence of
hearing loss in older adults in Beaver Dam, Wisconsin. The
Epidemiology of Hearing Loss Study. Am J Epidemiol.
1998;148(9):879–886.

55. Coren S, Hakstian AR. The development and cross-validation
of a self-report inventory to assess pure-tone threshold
hearing sensitivity. J Speech Hear Res. 1992;35(4):921–928.

56. Schow RL, Gatehouse S. Fundamental issues in self-
assessment of hearing. Ear Hear. 1990;11(5 suppl):
6S–16S.

57. Chou R, Dana T, Bougatsos C, et al. Screening adults aged
50 years or older for hearing loss: a review of the evidence
for the U.S. Preventive Services Task Force. Ann Intern Med.
2011;154(5):347–355.

58. Coleman J, Huang X, Liu J, et al. Dosing study on the
effectiveness of salicylate/N-acetylcysteine for prevention of
noise-induced hearing loss. Noise Health. 2010;12(48):
159–165.

554 Curhan et al.

Am J Epidemiol. 2012;176(6):544–554

 by guest on N
ovem

ber 24, 2015
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/

